Background: The incidence of inadequate bowel preparation before elective colonoscopy in this region has never been studied. Materials and Methods: The authors prospectively described the incidence and factors related to inadequate bowel preparation in Thammasat university hospital. Bowel preparation quality was accessed by using Aronchick scale. Factors associated with inadequate bowel preparation were also recorded. Results: Two hundred patients undergoing elective outpatient colonoscopy were enrolled. Inadequate and fair bowel preparation was documented in 9 and 43%, respectively. Factors associated with inadequate bowel preparation were incomplete cleansing agent ingestion (odds ratio 7.7; 95%CI 1.62-36.64) and patient's unrecognization of vegetable avoidance (odds ratio 3.26; 95%CI 1.14-9.28). Conclusions: Compared with previous reported, inadequate bowel preparation was seen less in our study, however, more patients with fair bowel preparation was documented. Further study aiming at investigating the type and amount of fiber contained in diet before elective colonoscopy should be commenced.
Introduction
Colorectal cancer (CRC) has been listed as the 3 rd most prevalent cancer in the Asia-Pacific region (Yang et al., 2004) . Additionally, it has been increasing diagnosed over the past few years, possibly, due to the westernization of dietary habit among Asian countries (Kuriki et al., 2006) . A recent study showed that the detection of premalignant colorectal lesions or early-stage cancer by CRC screening decreases cost of care (Shin et al., 2012) . Thus, CRC screening policy in population at risk has been generally applied all over the world. Currently, colonoscopy is the best procedure for CRC screening, because it provides visualization of all colonic segments, including right-sided colon, which contains 42% of advanced adenomatous polyp (polyp that has a greater chance of becoming a malignant lesion) (Aswakul et al., 2012) . Moreover, double contrast barium enema and fecal occult blood test have been proved to have less sensitivity and less cost-effectiveness for CRC screening in this region. Wiwanitkit, 2010) . Hence, a good quality of bowel preparation before colonoscopy, which eventually leads to a clear visualization of colonic mucosa, is of particular importance. Nevertheless, the rate of inadequate bowel preparation has been reported to be approximately 25% (Harewood et al., 2003; Froehlich et al., 2005; Kazarian et al., 2008) , and has been associated with missing adenomatous polyps (Lebwohl et al., 2011;  RESEARCH ARTICLE
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Patommatat Bhanthumkomol, Sith Siramolpiwat, Ratha-Korn Vilaichone Chokshi et al., 2012) , prolonged caecal intubation time (Hsu CM et al., 2012) , reduced colonoscopy completion rate, and increased cost of care (Rex et al., 2002; Hendry et al., 2007) .
In general, bowel preparation before elective colonoscopy includes an ingestion of colon-cleansing agent, together with one to three days of low-fiber diet before the procedure. In addition, a patient counseling for promoting adherence to diet and colon-cleansing regimen is a crucial step to achieve a good quality of bowel preparation. The aim of this study was to describe the incidence of inadequate bowel preparation, and its associated factors in patients undergoing elective colonoscopy in this region, which is culturally difference from other regions.
Materials and Methods

Study design and study population
This is a prospective study enrolling patient aged 18-90 years old who underwent elective colonoscopy as outpatient setting at Thammasat University Hospital. This study was reviewed and approved by the institutional review board. Patients who had unstable vital signs, or had less than 72h period of preparation before colonoscopy were excluded from the study. All participants were informed consent prior to the study.
Intervention
A questionnaire was given to each enrolled patient to access patient's perception of preendoscopic bowel preparation. Type of cleansing agent used, volume of cleansing agent ingested, and time of the last dose of cleansing agent ingested were also recorded. Coloncleansing regimens used in our hospital were low-dose (2 liters) polyethylene glycol (2L-PEG), standard-dose of 4 liters PEG (4L-PEG), and sodium phosphate solution. Two liters of PEG solution (Niflec ® ) consists of 118g macrogol 4000, 1.485g potassium chloride, 2.93g sodium chloride, 3.37g sodium bicarbonate, and 11.37g anhydrous sodium sulfate.
Thereafter, colonoscopy was performed by one of gastroenterologist staffs, gastrointestinal surgeon, or fellows. The quality of colonic preparation was accessed by endoscopy personnel who were trained to be familiar with Aronchick scale. The Aronchick scale has been proposed to access the quality of bowel preparation, and reported as: excellent preparation (more than 90% of mucosa seen, mostly liquid stool, minimal suctioning needed for adequate visualization), good preparation (more than 90% of mucosa seen, mostly liquid stool, significant suctioning needed for adequate visualization), fair preparation (more than 90% of mucosa seen, mixture of liquid and semi-solid stool, which could be suctioned and/or washed) and poor preparation (less than 90% of mucosa seen, mixture of semi-solid and solid stool, which could not be suctioned and/or washed) (Aronchick CA et al., 2000) . Adequate bowel preparation is defined by excellent, good, or fair preparation.
Statistical analysis
Data were described as mean and percentage for continuous and categorical variables, respectively. Least of Significance Difference (LSD) among means was used for multiple comparisons among types of cleansing agent after significant test from ANOVA. Chi-square test and Fisher's exact test were performed to determine the association between quality of bowel preparation and factors. Statistical significance was set at a p-value of less than 0.05. Adjusted odds ratios by logistic regression were performed for significant factors from univariate analysis. Statistical analysis was performed using SPSS version 16.0 (SPSS Inc, Chicago, IL, USA).
Results
Patients' characteristics
This study enrolled two hundred patients. Of which,
Table 1. Baseline Characteristics of 200 Enrolled Patients
Characteristics n=200
Mean age±SD, years (range) 59±12 (18-86) Male gender, n (%) 84 (42) Type of laxative 2L PEG, n (%) 118 (59) 4L PEG, n (%) 17 (8.5) Sodium phosphate solution, n (%) 6 (32.5) Adjunctive laxative, n (%) 39 (19.5) Milk of magnesia, n (%) 3 (1.5) Senna, n (%) 22 (11) Lactulose, n (%) 8 (4) Ispaghula husk, n (%) 6 (3) Afternoon colonoscopy (after 1PM) 52 (26%) Preparation-to-colonoscopy interval Mean±SD, hours 15.11±5.16 ≤4 hours, n (%) 6 (3) >4 hours, n (%) 194 (97) Mean fasting time±SD, hours 13±4.54 Person in patient's perspective who explained the bowel preparation method Medical practitioner, n (%) 174 (87) Endoscopic personnel, n (%) 84 (42) Pharmacist, n (%) 37 (18.5) Information sheet, n (%) 45 (22.5) Other, n (%) 4 (2) Patient's perspective of food to avoid before the procedure (n =199) Vegetables, n (%) 139 (69.5) Fruits, n (%) 169 (84.5) Fiber, n (%) 97 (48.5) Meat, n (%) 73 (36.5) Grains, n (%) 1 (0.5) High-fiber diet taken during 3 days before colonoscopy, n (%) 194 (97) Colon preparation quality (graded by Aronchick scale) Excellent, n (%) 19 (9.5) Good, n (%) 77 (38.5) Fair, n (%) 86 (43) Poor, n (%) 18 (9) 84 (42%) were male with a mean age of 59 years old. In 52 patients (26%), colonoscopies were performed in the afternoon (after 1 PM). As shown in Table 1 attending physicians. All patients received advice about dietary avoidance. Ninety-seven percent of patients took high-fiber diets within 3 days before their scheduled colonoscopy.
As shown in Table 1 , the mean fasting duration prior to colonoscopy was 13 hours, and the mean interval between last dose of cleansing agent and index procedure was 15 hours. Only six patients (3%) had time interval less than 4 hours. Rate of adequate colon preparation was 91 percent; however, almost half of patients had fair preparation. Eighteen patients (9%) had inadequate bowel preparation.
As shown in Table 2 , the rates of incomplete cleansing agent ingestion were 5% and 3% for PEG group and sodium phosphate group, respectively. Regarding adverse events, those received standard dose PEG experienced more problem in ingesting large volume and severe diarrhea. (Table 3) By univariate analysis, patient's unrecognization of avoiding vegetable before the procedure (28% in adequate preparation group compared to 52.9% in inadequate group, p=0.032), and incomplete cleansing agent ingestion (3.3% compared to 16.7%, p=0.009) were factors related to inadequate colon preparation. In addition, as shown in Table 4 , by multivariate logistic regression analysis, both factors were independently associated with inadequate bowel preparation (OR 3.26 (95%CI 1.14-9.28) and 7.7 (95%CI 1.62-36.64), respectively)
Factors associated with inadequate bowel preparation
Discussion
Our study demonstrates the incidence of inadequate bowel preparation of 9 percent, which is less than previously reported (Lebwohl et al., 2011) . Although adequate bowel preparation was seen in 91% of patients, rate of fair colon preparation was considerably high (46%). Since recently published study has shown the detrimental effect of fair bowel preparation on the rate of missing colonic adenoma (Menees et al., 2013) , our study has confirmed the existence of bowel preparation quality problem of in this region.
Current international guideline recommends splitdose, 4-liter, PEG regimen as a routine colon-cleansing agent for colonoscopy, and a split regimen of low-dose (2 liters) PEG with ascorbic acid, sodium picosulfate, or magnesium citrate as an alternative (Hassan et al., 2013) . This study has demonstrated that the adherence to this guideline is low, as only 8.5% of patients completed 4 liters of PEG in split regimen as prescribed. This study also showed a variation in adjunctive laxative usage along with main cleansing agent. Indeed, those received 2-liter of PEG plus 144mg of senna the night before procedure had better colonic cleansing quality, patient tolerance, regimen adherence, and less nausea and vomiting (Radaelli F et al., 2005) . In 1979, there was a case report of colonic explosion during electrocautery in a patient using mannitol for colonic preparation (Bigard et al., 1979) , however, serious adverse event associated with other non-absorbable carbohydrate-containing laxatives such as lactulose and psyllium has never been documented.
Another important finding in our study is nearly half of those received 2-liter PEG regimen were able to achieve good bowel preparation quality without taking any adjunctive laxative. Interestingly, recently published study using 2-liter PEG without any adjunctive laxative in the morning of the procedure date, together with keeping 2-7h interval between the last dose of cleansing agent and colonoscopy resulted in a similar bowel preparation quality compared to standard split-dose 4-liter PEG regimen (Tellez-Avila FI et al., 2014) . These can be concluded that time interval between last dose of cleansing agent and procedure is more important than volume of PEG ingested. Literally, time interval between the last dose of cleansing-agent and colonoscopy has been confirmed to be one of the predictors of inadequate bowel preparation (Seo et al., 2012) . Current guideline recommends an interval of less than 4 hours (Hassan et al., 2013) . Our study showed that, in real-life scenario, this time interval could not be achieved in the majority of cases, thus, emphasizing the need to inform both physicians and endoscopy-practicing nurses to change their practice.
So far, the patient's perspective of bowel preparation has never been studied. Our study shows that most of practicing gastroenterologists and gastrointestinal surgeons advised patients on their own. Physician-based counseling improves cleansing quality and has been confirmed in prior study (Shieh et al., 2013) .
Our study is the first to demonstrate variation in patient's high-fiber diet restriction. Nearly all of patients did not correctly recognize the type of food to avoid. In addition, the rate of taking high-fiber diet during 3 days before colonoscopy was substantially high (97% of patients). Prior study from Taiwan has shown that a significant proportion of patient did not adhere to low-fiber diet (Wu et al., 2011) . The result of our study emphasizes an importance of pre-procedural patient counseling.
In previous studies, the reported predictors of inadequate colon preparation were male gender, inpatient status, and older age (Hassan et al., 2012 , Borg et al., 2009 , Chan et al., 2011 , Chung et al., 2009 , Lebwohl et al., 2010 , Ness et al., 2001 ). In our study, incomplete cleansingagent ingestion and patient's unrecognization of vegetable avoidance were independently associated inadequate colonic preparation. These two factors have never been demonstrated in prior studies, and need to be confirmed in future work. These findings could be explained by the fact that Thai food usually contains vegetables as a major component, especially in rural area.
Our study has several limitations. First, we used Aronchick scale as a tool for bowel preparation quality assessment. Aronchick scale does not focus on assessing individual segment of colon, and does not allow endoscopists to suction and clear colonic content before assessment. Moreover, new colonic preparation rating scale, Boston Bowel Preparation Scale (BBPS), has been shown to have good validity and reliability (Calderwood AH et al., 2010) . Second, the number of 200 patients in the present study may not be enough to evaluate all factors that are associated with inadequate colon preparation. Third, given a low rate of inadequate preparation despite low adherence to low-fiber diet, we did not collect any data according to particular type and amount of highfiber diet taken by patients. Fourth, we did not evaluate the reliability of endoscopy personnel in assessment of preparation quality. Finally, some patients received telephone call from endoscopic personnel one day before the procedure to confirm the schedule and assure the bowel preparation process. This telephone call has been shown to improve the quality of preparation, and increase the adenoma detection rate (Liu et al., 2014) .
In summary, the present study demonstrates that incidence of inadequate colon preparation was 9%, however, a significant proportion of patient was classified as fair preparation. Patient's knowledge to avoid vegetable before the procedure and completion of cleansing agent are associated with adequate colon preparation quality. Future studies aiming at evaluating type and amount of fiber contained in diet should be carried out to clarify more specific character of food that patients can take in order to optimize their bowel preparation quality.
